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NACA RM No, A7DIO R

NATIONAL ADVISORY COMMITTEE FOR AEROMAUTICS

RESEARCH M&MORANDUM

THE DEVELOPMENT OF JET-ENGIHE NACELLES
- FOR A HIGE-SPEED BOMBER DESIGN

By Robert E. Dannenberg

SUMMARY.

The results. of an experimental investigation mads for
the purnoee of developing suiltabld jJet-engine nacelle designs-
for a high-speed medium -bomber are presented. Two types of
nacelles were inveatigated, the first enclosing two 00—
pound-thruat Jet engines and a 65-inch-diameter landing whesl
and the gecond enclosing a single 4000-pound—thrust jet
engine, Both types of nscsellss were tested in positions
underaglung beneath the wing and centrglly located an the
wing. _ o ' :

Thie report sumrarizes the investigation which was
performed at low gpeed for the purpose of developing entrance
and body shapes of suiltable form., Included are resvlits Trom
the high—-speed portlon of the investigation on the character-
1stlce .of an undsralung nscelle, '

The nacelleag developed sghow desirable aerodynamlc oharac-
teriastica. The pressure recovery of the internal .flow at the
face of the compressor 1s found to be greater than 290 percsnt
of the free-gtream dynamic pressure for all flight condltions
tegted., The drag of all nacellea compareas very favorably
with similar bodies used for housing conventional air-coolsd
enpgines, the aversge drag coefficlent based on frontal area
being approximetely 0,050, Locating the nacelle in an under—
‘slung posiflon beneath the wing resulted in an expected shift
of the angle—of-zero 1ift due to the advermge effectas on ths
epan load distribution, HNegligible adverse interferencs
effectas on the maximum 1ift and pilteching—moment character—
istilcs were experienced. The critlcal-compressibility apeed
for the combinetinn of the wing and each nacelle 1s equsel to
or above that of the plain wing at iniet-veloelty ratios

i (i,
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greater than 0.6.

INTRODUCTION

In order to utilize moet efficiently the reagearch facili-
tiea of the lasboratoriee of the National Advisory Committee
for Aeronsutice, the Alr Technical Service Uommand of the
Unitad States Army Air Forcea in announcin%.a new deeign
competition for a medium jet-propelled bLombardment airplane
oonfarred with memberg of the staff of the NACA to formulats .
a reeearoh program whioh would adequately cover all reagearch
needs aeeooiated with the bomber deeign competition., Tha
various rseearch programe needed to provide deeign informe-
tion were formulated in conferenoes at Wright Field, This
report preeente a eummary of the reeearch concerning the
development of satiefactory Jet-encine naogllee that wae
undertaken .at the Amee 7— by 1O0-foot and lé~foot wind tunnelsa
by-W. F. Davie, G. B. Mccullough ¢. B, Allieon, J. R. Pengal
and the author, R . . "

The nacelles inveetigated were epecified ae followe:

A, A nacells underelung beneath the wing houeing two
LOOO-pound-thruast axizl-flow jet enginee and one
é5-inch-diameter landing wheel

. B.. A naoelle centrelly .located on the wing encloaing
two H00O-pound-thruet axial-riow Jet enginee and
a 6F—inchﬁdiameter landing wheel

C. A nacelle underelung beneath the wing encloeing ane
" L00O-pound-thrust axisl-flow jet engine

D, A nacelle centrally located on the wing houeing one
&OOO—pound—thrust axial-flow Jet engine

Viewe of theee nacelles are showm in figure 1. ,

In developing the nacelles the following requirements
. Ware outlinea aa being necessary for a. satisractory deplign:

1. The arrengement of Jot enginee and wWheele to give
eatiefactory aerodynamic characterigtice without
introduoing undeeirable etructural, malntenance,
or acceeeibility problems
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Se

Thie attalnment of ag high critical-compresslbility
epeed for the wing;nacelle combination as for the
igoleted wing of the airplane

The attalnment of low external drag tbroughout the
speed range -

The attainment of very low total-pressure losses in
the internsl-flow system up to the face of the jet-
engine compressor and a uniform distribution of
velocity over the fazce of the jet~engine compressor
at all operauing condltiong

Minimum 1nterference effects of the nacelTes on the
1ift and moment characterigtics

SYMBOLS
1ift coefficient (L/gS)
1ift force, pounds '

wing-penel srea, squere feet

‘total drag coefficient (D/q8)

total rag force (sum of drag of wing panel nacelle
and intake gir), pounds -

. external drag coefflcient- of nacelle (DF/QF)

external dresg force of nacelle (dlfference between
totel drag and sum of wing—panel and intake-air
drag forcesl), pounds -

frontel areas of necelle sguare feet

free~gtream dynamic pressure (%pV 3), pounds per
gquare foot

free—gtream velocity,-feet per second

mage density, sluge per cublic foot
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a © angle of attack baged on-wing chiord line, degrees
c chord of wing pansl At tunnel center 1lins, feet
Gmc/4 pifiﬁéng;mgﬁigtpgg:{fi?ﬁgnt/about quarter—chord

ol 4
Mofo - Diggg%ng moment about the quarteruchord line, pound-
s critical Mach number_ _ o ]
Vi velocity of eir at duct entrance feet per ;econd

vi/vo inletmvelocity ratio

P © pressure ooefficient [(p1—p)/q j
pe] free-atream static prgasprgg.pounds per square foo%t
Py local static préseurs, pounds per square o0t

DESCRIPTION OF MODEL AND APPARATUS

The wing penel with the various nacelles was mounted
verticslly in the Ames 7- by 10-foot wind tunnel so that the
gpan extended across the 7-foot dimension of the teat section
as indicated in figure 2, The model wing panel represented a
scaled portion of the apan of a typical high—-apeed bomber
alrcraft with an untwisted wing of aspect ratio 9.0 and a tapsr
ratic of 2.5 to 1,04 Figure 3 shows a sketch of this alrplane
with the portion of the epan used for the model tests designated.
An NACA 651-210 airfoil section was. used. The wing panel area
wag 22.802 square feet while the chord at the- tunnel center
line was 3.359 Tect,

A model gcale of 0.2166 was ueed which corrsaponded to
an sirplane goen. of 116 feet, Tne center l1ines of the nacellse
Were located 13,35 pércent of the wing spen outboard from ths
plane of gymhebtry of the full-scale wing. The model was

equipped with both 25-percent-chord slotted flaps and 30~percent—'

chord eplit flaps.
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A1i nacelles in the series were mounted in the spame ':;5,
ralative poeition on the wing, Alr was dravm through the -
inlet ducte of esch model by .an aircraft—tyne sunercharger :
that was located outsglde the test chamber, . The .air flored
through the inlet Sucts into 2 plenum chambnr in.the center
of each necelle ag shown in figure 2; from there' it wag.
drerm. through the hollow spar of the. wing, then through a
mercury seal that isolatbéd the dacting from the scale system
and finally into the supercharger, .

The quantity of air flowing through the -internal-duct
ayatem wag meagured by the pressure drop across a cslibrated
orifice. and controlled by a throttle, The measgurements of
the internal-~duct losses and the velocity.distribution at
the face-of each compregsor were meagured by a raks conglgt— .
ing of 36 total-pressure and 4 stable-preasure .tubes copnected
to an integratling manometer. The prssiure- -distribution over
eritical sections of the. nacelle wes measured by flush-type
orificeg that were connected to multivle-tube manometers and
photogranhiﬁally recorded. ) : ..

Design of. Naoelle

The aesign of esch nacelle "%5 based primerily on.the..
locatlon:of the internal members (jet angine end landing
wheel) writh resnect to the wing. The jet englnes of: the two-
unlt necelles were pleaced well forwsrd on the wing to‘ald in
providing proper balance to the sirplene, Thelr forward
position wasg llmlted however, for the tall nipes eduld not

be of guch length as to cause sxcessive 1losses in enwine
thrust. As references 1 -and 2 showed the advantage of a
cusped-~type outlet, the landing wheel was retracted into a
forward portion of the nacelle to allow thé afterbody to  °
taper more graduslly and the genter of gravity of ths 1anding
gaar to be forward durlng nermsl flight. To obtain the.
cugpned—type afterbody shape 1%t was neceggsary to curve the taill
pipee slightly to form contiguous tall-pilpe exits.

In désigning the external shape. of the nacelles, the
frontal and gurface areas were kept as small as pogslble.
Thege areges *rare determined to a certzin extent by ths
preasure-digtribution that was required, . The forebody of
each nacelle wag deslgned to produce a distribution of
veloclty along the nacelle and over. the 1lips which would give
no locallzed velocity neaks. Based on. the regulta of
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referencea 1 and 2 a 110 shape was Belected with a lip radiue
of approximately 0.005 times nacellé chord ahd cambered as
indicated from ths réferencss. Uontracting the 1linea of the
internsl duct slightly aft of the lip prevented gtalling of
the flow from the inner gurface at high anglea of attack &hd
pernitted very high pressure recoveriss for all operating
conditiong. The elliptical-type nose entrance was used on’
the two-uhit nacelles as it made possible a more uniform -
distribution of camber and thickneas sbout the periphery of
the nose inlet than was poasible With aeparate circular or
rectangular entrancea.

In the vieinity of the wing the longitudinal curvature
of each nacelle faired into the main body of constdant crose-
aection. The general body lines ware asslected %o give conatant
crogg-section area for the central secfion of‘esch necelle %o
minimize- the incremental velodltieg oveér the nacelle in the
region’ of the wing, The shape of the afterbody wee designed
to avoid gevere adverse pregsure gradients and tapered down
to a cusped outlet (refersnce 1). -

The inlet area of each dudt entiancs was degigned for a
high-apeed inlet~velocity ratio of 0,6 which would meet. the
air-flow reguirement of mach engins at a true airspsed of
550 miles per hour at an altitude of 40;000 feet. This value
‘of the inlet—velocity ratio was aelecte& {(referance 2) becauas
i1t was high enough to prevent the formation of low-preasure
regiona on the externsl surfaces of the duot lipa and still
-parmit a high internal pressure- racovery. The twin—unit
inteke ducts geparate from a commen entry at the riode of the
nacelle and expand at a' conatant rate ih an expansion ratio
of 1:1,2 from a semielliptical entrance ghape to a Gircular
gection at the compréssor inlet. 'The gingle-engine nacelles
have the seme expansion ratio with a circular inlet shape.
The expangion is gradual and there ere no gharp bends in the
duots g0 that separation of ‘the internal flow is’ avoided. The
detall of the internal duct systems is shown in the cutaway
drawings on. Tigures 1 and 2.

rThe body lineg of each nacelle were sketched about the
wing and intarnal membere. In order to bétter visualize the
proposed nacelle ahape a small *ooden model of the ning, Jet
enginea, and landing vheal was ‘agsembled to soale’ and covered
with modbling clay. The clay wae faired %o ths nronoaed body
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lines to permit a visusl exsmination of the nacelle shape.
The smsll models wWere of particular aid in developing the
fairing from the wing trailing edge to the nacelle after—
body. After the nacelle lines were developed with the
degigned 1ip radius, cambered forebody, straiﬁht center
gection and cusped afterbody, the five control lines werse
matched with second-degree curves by the proper selection
of the control pointe as explained in the asppendix. The
ﬁontrol line drawings for the nacelles are shown in flgures
to 7.

. - TESTS

All the data have been corrected for fluld compressi-
billity and for tunnel-wall interference on the wing panel,
The tare forces resulting from the skin-frictlon drag of the
wind—%unnel strsam flowing acrogs the end plates of the model
and from leakage about the end plates have not been measured
and are ilncluded in the fo*ce-test data becsuse they are small
and would hgve no effect upon the incremental foroeg caused
by the zddition of a nacelle %o -the wing. The tegt resgults
are presented for s Mach number of Q,1l and a Reynolds number
of approximately 3,100,000 baged upon the chord of the wing
panel a% the tunnel center line, 40,310 inches. All test
results were obtained with a tail cone insgtalled as shown in
figure 2, - :

The external drag of each nacelle was obtained by
subtracting the drag of the wing panel and the drag of the
internsl flow system from the totel drag as measured by the
wind-tunnel scale gystem. The internal drag was computed
from the measurements of the quantity of air flowing through
the duct system by the method of reference 1, It may be -
seen readily that ae the wing and internal drag forces are
large in comparison with the total drag force, any inaccuracy
in measurement would appear as a large proportion of the
external drag force, In order to reduce thig error to a
ninimum, particular care was taken in obtalning all drag
meagurements; and the accuracy of the external nacelle drag,
baged upon ite frontal area, vas within *+5 percent.

- The ponstriction effects resulting from the large size
of the two-unit nacelles relative to the tunnel size vwere



g o | - . NACA RM No. A7D1O

estimated from reference 3 to have resulted ln about a 3-percent
error in the dynamiec preseurs. The effect of air inductlon into
the nacelle nose alac caured an error in the dynamio pregsure
which waa of approximatsly the sasme magnitude, but of opposite
gign. .As these two correctione tended to compensate each other,
no correction was made for sither.

RESULTS AND DISCUSSION

Thid report summarizes the reeults of teste encountered
in the deaslgn of nacelleg .for insgtallation on a thin, low-drag
high-critical-epsed wing. . In applying the test reauite to the
deeign of a nacelle, the limitations of the wind tunnsl must be
taken into account. The effect of three-~dimensicngl flow upon
the entire wing will chenge the inoremental velues, partic—
ularly in the high-1ift sttitudes where the atalling charac-
terietice of the wing. panel will be different. .

Lift Characteristice

The adéition of the underslung nacelles to the ving panel,
Tlapa retracted, resulted in an increase in the angle of zero . -
11t and consequent loge in 1if% at low anglee of attack'
whereas the centrally locabted nacelles-showed no appreciable
change. However, the elope of the 1ift curve increcased
elightly for all’ nacelles. The change in the lift-curve
characterigtice, ghown in figure 3, is aleo tabulated in
table . The lncrement in maximum 1ift due to the elotted
flaps was reducsd by the sddition of the nacelles partly
becsuge of the decreese in flap apan {twin-unit nacellee)
and aleo becauee of the interference of the nacelles upon
the circulation about the wing. On a full-gcale airplane,’
the airplene loss in 1ift would be reduced to sbout twvo~thirds
of that shown in the wlnd-tunnel teeta ‘as the wing Danel
represents 64.6 percent of the semispan wing srea. The 1ift
characterietice were found to be indspendent of tha inlet-
vrelocity ratioc.

The elight change in the 11ft characteristice of the wing,
resgulting from the addition of the central nacelles, indicatee
that the spanwiee 11ft distribution of the wing would remain
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elmoat unchanged, which 1s a desirable characteristic for
aerodynamic snd structural design. For the under—-glung
nacelle, however, the lncremental velocities add only %o
the wing 1overusurface velocitles decreasing the 1ift over
the portion of the wing affected by a nacelle. This
characteristic is undesiretle and should be reduced to a
pinimum in order to remove the irregularity in the sven-
wise -load dlstribution, Modiflcation of the wing adjecent
to the nacelles to give incressed camber or choré or a
comblnation of both may be used to alleviate this condi-
tion. .

To restore some of the maximum 1ift loas éue to
nacelles, glotted flap deflscted, the clearance between
the deflected flap and the aide 5F the underglung necelle
wae reduced to a minimum by extending the flap, resulting
in the inecressed 1ift shovm in Tlgure 9. The oentral
nacelle maximum 11ift losses were reduced to negligible
amounte by the addition of a simple split flap (fig. 9)
to bridge th cutout in the glotted flap and shawed to
Tlt the contour of the necslle when in the retracted
poslition,

The 1ift characteristics of the plaln wing and necelle
A with 30-percent—chord eplit flaps are slsoc shovm in
figure 9., Reduclng the clearance between the necelle and
the deflected flap to a minilmum increased the maximum 1lift.

Drag Characteristics

The total drag polars of the varlous wing—nacelle.

* combinstione sre shown in figure 10 for zero inlet-velocity
ratio. The drag characteristica, flaps deflected, sre .
presented in figure 11l. The exterval—drag coefficients of
the nacelles, based on the frontal arees given in table I,
are ghown in figure 12 for varlous inflow rates. -

The larre variastion of the externsl drag of the under-
slung necelles with angle of attack was caused by the change
in the anan load distribution, A4s this effect 1ia undeglrable
structurally end aerodynemlcally, 1t 1ls belleved that the
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sondition may be improved by sxtending the wing chord near the
naocelle, - ST e _

Figure 13 wag cross-plotted to show the varlation of
naoelle drag with inlet—-velocliy ratio at anglse of attack
correspondling to that for high-speed flight enéd climb. In fthe
range of normel flight velocities, the external drag of ths
underelung nacslles remeined helow that of the central nacelles.
The effeot of drawing air into the ducte of all nacelleg was
to reduce the external drag. : ' t

'Pitching—Momént Characterigtics

The effect of &ll nacellss on the plain wing pltching-
moment characteristice was destablllzing as shown in figure 1k,
The wvariation in 4Cp/dCr, 48 tabuleted for all nacelles
in table I.- Though this sffect may be minimized by reducing
the lsngth of nacslle ahead of the wing, the change may have
‘an adveres effect on the oritioal-sgpsed characteristice.

Internal Flow

The total preasure recovery at the face of the comprsasor
for the varioug naceiles was found to he gatiefactory, the-
presgure recovery being oveyr 93 psrcent of the dynamic .
presgure and the velocity distribution varylng lees than X2
percents. Both single-unit nacelles obtalned 100-psrcent
presggurs rscovery within the limit of accuracy of measgurement
as shown in table I, Thegs low internal-flow logses were due
to the very small expansion of the internal ducting. The
fact that the losses remalnsd low over a wide range of veloclty
ratios through the angle~of-attack range showed the use of
large lip radii and shaping of the lnner surface of the lowsr
lip to be gatisfactory. . ' :

It w11l be notsd that no provision was made for bleeding
air from the 1lntake system for use in cooling the after-portion
of the motor. For these nacellees it 1s anticipated that cool-
ing alr oounld be supplied by small submerged duct entrances
on the sldes or under-rurface of the nacelle body,
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SinglémUnit Operatlon of a Two-Unit Nacelle

As long-range flight may require single-unlt operation
of a two-unit nacelle for maximum economy, one duct of
nacelle A was cloged off by means of a golid plate inserted
behind the rske., All-the alr then passed through the other
duct. The pressure recovery in this condition remained .-
unchanged at low inflow rated and dropped off but elightly
at high inlet velocities; Tfor an inlet—veloclty ratio of
1.20 the recovery was 9% percent. - The 1ift, drag, and
pPltching-moment characteristics remalned unchangea from
that with dual..operation.

3

Pregsure Distribution and Egtimated Critical Speed

The pregsure distribution over the corregponding basic
lineg of each nacelle {upper and lower center lines and -
maxlmum half-breadth line) was found to be so similar that
all were represented by a single typical curve at a given
inlet—-velocity ratlio. The estimated critical speed charac—
teristice for the external lips (first 10 percent of nacells
length) are. ehown in figures 15(a), 16(a), and 17(a), while
repregentative presgure-distribution curves are given in
figurea 15{(b) to 17(b) for various angles of attsck. The
criticel .MacH .number characterigtice have been estimated -
from the low—epeed pressure dlistribiutlion by the method:-of .
reference 4, which is appliceble to two—dimeneional flow
only. Fowever, the devietlon from the more precise theory
(reference 5) 1s ‘negligible for oodies of fineness ratios
of the order used for the nacelle while 1t 1s belleved that
the 11p» shapnes and camber used on the nacelles are about the

optlimum, some decrease in 1ip camber msy be permitted without:

gerious effecta, g

" The typlcal pressure distribution over the nacelle is
preaented in figures 15(c) to I7(e), while the estimated
eritical Mach number variatiorn is-shown in figures 15(d) to
17(d). Ae . no severe adverse preassure gradients occurred
over any nacelle’ foreovody for the normal high-sreed flight
range .and as the critical-—compregsiblliity speeds at inlet-—.
veloclty ratios greater than 0.6 were in general above that
of the plain wing, the -nacelle design was considered satis-
factory.. ) s . -

._.*
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The msasured pregeurs distribution (figa. 18 and 19) for
the wing-nacelle Juncture for &ll nacslles was indspendant
of inflow rate. marked decrsase in ths lift-cosfficient.
rangs for hiih oritioal spced comparsd to that for the wing
wag notsd, nelysis of the flow around vrolste sphsroids
showed this to be due to the fact that the Juncture asirfoll
sections experisncs an angle-of-—attack change gpprsoiably
gregter than ths géomstric angle—of-attack change given the
wing. Thie results in the carly formation of pressure peaks
on the nose of the Junoturs airfoll sections with a conse-
quant prematurs rapid deorease 1n tha eatimatsd eritioal
gpeed, . . ‘ X

In order to eliminate.thie pressurs peak the nacslle-~
wing Jjuncturs of nacelle A wae filleted at ths leading sdge
of the Juncture gection go that in plen form the Juncture
seotlon becomes of greater chor& ad the necslls is- -approached,
Figure 18 shows drawinge of the Juncturs in 1tg besic and
modified form. Ths sffsot of ths fillet on the pressura
distribution of the juncturs 1s also shown. It should bs
stated that nose pressgure peaks in ths Juncture are qulte
localizsd and are in a generally favorabls preassure gradient,
The effect of this local pssk on the drag of ths wingunacella
combination cannot be estimated.

The addition of the oentrally lotated necsellcecs to the
wing resgulted in an appreclable increass in the minimum— |
_pregsure peak of the wing at 50-percent wing chord. - This

reduced the critioal spsed of ths combination bslow that of
ths wing evsn at the high-gpsed 11ft coeffiolents.s The uss,
of long-chord fillet sirfoil soctions reduced the advsres
1nflusncs of the nacelle on this prsaaure poak (fig. 19).

' High—Sbeed Tests

The tw1n-unit neocllea were 1nvcst1gate& 1n the Ameg
16-foot high-spsed wind tunncl, Some of the high-spesd
characteristics of nsoelle A are presgented in figure 20 in
ordsr to show a brief comparison between the low-gpeed
estimeted critical Mach number charscieristice and ths
~actual high-speed results, It may bs noted thet ths
pressnos of the nacsilesg had no appreciable effect on the
Mach number for drag dlvérgence compared to ths basgic wing-
Tuselage GOmbination. The only appreclable effect of the
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nacelles ls to steepen the rise of the drag curve after the
Mach number for divergence 1s reached. Nacelle B exhlblited
high-apeed characteristice eimllar to thosge of nacsaslle A,

GOWCLUSIONS

The results of teste of the edecific nacelle designa for
the high—apeed bomber competition show. the following:

1. Low external drag (Cpp~0.050 based on frontal ‘area)

for all nacelles, a value comparable With the besat radial—
engine nacellee-. .

2. Deagirablas critical—speed characteriastica for the |
tvo—~unit nacelles wWith negligible effect. on the Mach number
for drag divergence but with, gome steepening of the drag
coefficient rise after ﬁhe Mach number for diver&ance is
resached

5. Negligible effecte on 1ift characteristics of the ™
wing for the centrally locatsd nacelles and an undesirable
but expscted ehift of the angls of zZero 1ift for the under-—
slung nacelleg . ; : ,
Lk, Smell destabilizing pitchingamoment effebts for all
nacelles IR . ' :

B - Excellent intérnal—flow characteristics’

- 6. Oritical-compressibllity speed 6f'the Wing'end each
nacelle equal to or better than the 10—percenu-tbiok wing
at inlet-velocity ratios greater than 0.6

Ames Aeronauntical Laboratory, L
National Advisgory Committes for Aéronautics, -
Moffett Field, Calif. , '
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APPENDIX.
LOFTING PROGEDURE

The control lines used in tha construction of each nacells
gshown in figures 4 to 7 wsre davelcped by use of ths mathods of
conic lofting dsseribed in raference 6., The uas of conie
development was advantageous ag 1t ellowed a rapid, accurate
duplication of the original deaign to any acale and agaured .
true fairness of all of the surfaceg as.the rate of change of
curvature at any »noaltion on the body was continucus. .

In deaigning the various nacelles thres bagic or conftrol
linea, ths upper and lower center iinesa (elevation) end the
maximum half-breadth 1ine (plan) wers first frae-falred to
it about the jet motor and internsal--flow aystem with the
degigned 1ip radius, required camosr in tha forebody, straight
center gection, and ousped afterbody, . Upner and lower shoulder
develonment linee faired in disgonel planes determined the
roundness of the longitudinal ssctlons and were selected from
ingpection of fhe forebody end afterbody plan views. All flve
development lines were then uiatched as cloeely ag possibls with
geoond—-degree curves by proper selectlon of the control points,
The method uased -in determining a conic curve from control
polnta la ehown in figure 21, where, for example, by trene-
lation of the exes, point D frould qorrespond to the start
of the atraight center gaection of a nacelle; point B and tangent
l1ine AB would be determined oy the 1nteraection of the curve
and the lip 1eadirg-edge circle; and point D would be a required
point on the ecurve, - Thus, by selecting the origin of the axes
system, as ehown in figuré 21(a), the solution for each of tha
required curvea waa found directiy by evolutlion of the five
conetants. The basic dimensions of the oontrol linea have been
gslected to even hundredths of an inch, while tha dimensions
that have besn dsrived from them ware computed to tan~thouasandths
of an inch,

The upner end- lower center 1ines (elevation) the maximum
helf-breadth line (plan), and the upper and lower shoulder
1ines (body plan) oompletsly defins each nacelle shape, as all
nacelles were designed aymmetrically about the conter iine
plane, By dividing the half sectlons ¢f each nacelle into two
quadrants, it was readily seen that the upper quadrant was
determined by tha upper center line, the upper shoulder line
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and the meximum half-breadth llne. The lower quadrant was
determined by the maximus half-breadth line, lower shoulder
line, and lower center line, Thus, any latermedlste nacelle
station contour was developed by the graphlcal construction
method ghown in figure 21(b) where the points O, D, and B
repregent the intersection of the station plene with the
upper or lower quadrants. ' :
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TABLE I.~ SUMMARY OF NACELLE CHARACTERISTICS

Slain

{

Type —— | Underslung | Central | Underslung | Central
Number of jet engines ———— 2 2 1l 1
Number of wheelg e 1 1 o 0
Frontal area, 8q ft —_— 2.153% 2,039 865 .885
Total inlet area, sg ft - | ———— «259 5 39 »129 .108
Jet motor area, 8q £t = | ——— 145 145 15 15
Nacelle incldence, deg ——— ~1, -1.5 ~1.5 0
Nacelle length, in. e 8145 7720 71.22 64.82
Meximum 14f%, Cpp. - 0,985 1.000 980 1.025 .990
Angle zero 11ft, deg -1.1- o1 -9 - -1,1
daop/dn 1.015 1,110 1.155 1.185 1.055
dcu/4acy .010 .065 .OSE 016 .019
CDp, nacelle drag a= 0% ——— 047 Ol .06% L0654
bassd on frontal 19| === 042 o Ot 058 .0

area, Vi/Vo = 0,8 Jol —m=-- -02h4 -035 035 .0
Pregsure recovery .

for Vo = 0, based

on sntrance dyneamic

pressure : e .Gl .95 .98 .97
Dynamic \Vi/Vo = O,4 —— 1.00 .99 1.00 1.00

Praegsure .8 ————— .99 .98 1,00 1,00
Reoovery 1.2 ———— .96 .g& 1.00 1,00

1.6 | e 91 . 1.00 1.00

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

o1

OICLLY "oN WY VOVN



NACA RM No. ATD10 Fig. 1

NACELLE &
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Figure 1.- Sketch of the nacelles mounted on the wing panel.
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Fig. 2

Figure 2.-
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AIRPLANE WING ~
SECTION: NACA 65,-210
ASPECT RATIO: 9
TAPER RATIO: 2.5:I
SEMI-SPAN: 58.15 FT
ROOT CHORD: 18.47 FT

; 2
| E

MODEL ~
WING AREA; 22802 3Q. F'T
SCALE: [:4617

QUARTER -CHORD LINE:
STRAIGHT

i Ti"ﬁﬂﬂé (.
SECTION TESTED INA
WIND TUNNEL

T\

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 3,—~ APLAnN OF ///@W CSPCELED ALRCLANE SHYOWING SECT/ON

USEL NV 7EST,
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BODY PLAN

ELEVATION

AAEURE 6. — CONTROL. LINVES FOF' AMACELL E .



"ﬁ NACELLE COORDINATES]
! STATION | ORGINATE =
| i_' Ll a— 1B ul
"- - 841 &322
r ! 28,754 837
= d_| | MAXIMUM 32,754 637
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Effect of fillets on the wing-nacelle juncture pressure

Figure 18.-

distribution of nacelle A.
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Figure 19,- Effect of filiets on the wing-nacelle juncture pressure
distribution of nacelle B.



NACA RM No. ATD10 : Fig. 20

MODEL  INSTALLATION IN [6-FOOT WIND TUNNEL

WING SECTION: NACA €5 -210, 4 =i}

TAPER RATIO 2.5:1 SPAN (0.0 FT.
ASPECT .RATIO 9 AREA 1.1l SQ.FT.
DIHEDRAL 3e M.A.C. ) [.180 FT.
NACELLE INCIDENCE -L5° ROOT CHORD 1.587 FT.

PERCENT LINE STRAIGHT 25
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Figure 20.- High-speed characteristics of nacelle A from
tests in the Ames 16-foot high-speed wind tunnel,
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LT EQUATION: Ax®+Bxy + Cy* +Dx « Evy +F+0
FUNCTION; Y= f(x)

c a= PARAMETER: ke ec(a-d)}-(a-b)e?
(cd - be)2
CONSTANTS: P = Z2hck - ¢
2(o-b+ EF k)
2 = agc

2(a-b+b? k;
i X - R = £ -4aclk
v l 4(a-b+b*K)*
2PQ
CONTROL POINTS T= Q2

]
"

o: (o0,0) SOLUTION:

A: (a,0) Y=Px+Q-TRxt+Sx + 71
B: (b,c} ' :
C: (G\C]

D: (d,a}

A TANGENT POINT NATIONAL ADVISORY

a SHOULDER POQINT COMMITTEE FOR AERONAUTICS
¢ CINTERSECTION OF TANGENT LINES

tad FORMULALE FOR EVALUATING A CONIC EQUATION.

Y =

L THE TANGENTS TQ THE
REQUIRED CURVE AT THE POINTS
OF CONTACT © AND B ARE

\ J
e
o] OA AND AB. THE GIVEN
= SHOULDER POINT THROUGH WHIGH
el THE CONIC CURVE ODB MUST
" —
' . A X

-

PASS IS L.

o

THE GRAPHICAL CONSTRUCTION TO LOCATE ANY POINT P ON

THE CONIC CURVE IS AS FOLLOWS:

I. DRAW LINES OE AND BG THROUGH D,

2. DRAW RADIAL LINE OF TO |[INTERSECT BG AT H,

3. DRAW AH TO INTERSECT OE AT K,

4 DRAW BK, A LINE WHICH WILL INTERSECT HF AT THE
DESIRED POINT P

OTHER POINTS ON THE CURVE ARE OBTAINED BY DRAWING OTHER
LiNES THROUGH O AND B.

tby GRAPHICAL CONSTRUCTION TECHNIQUE FOR THE GENERAL CONIC.

ArGRE L. = NWACELLE L OFT/ING A7LE7~5OL.
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ARSTRACT
Wind tunnel tests wers oonducted om two types of Jet-engine nacellss, the first lnclool.ud
itwo 4000 1b thrust jet engines and a 65 in, diameter landing whesl and the second snclosing |
i eingle 4000 1b thrust jet sngine. Drug of all nacelles oompares favorably with similar
[bodisa used for conventictal engines. Pressurs recovery of internal floe at faos of
|couprassor 1s greater than 90% of fres-stream dymamioc pressure. Loocating nacells in
underslung position benesth wing resulted in undasirable shift of angle-of-serc 1ift,
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